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CLAIMS 



[Claim(s)] 

1. Probe Signal is Transmitted by Pulse Form and Equipped with Circuit Which Receives Said Pulse. Said Pulse 
Receiving Circuit When said pulse exceeds a predetermined threshold, said threshold changes according to the 
amplitude of said received pulse including the threshold detector which generates an output. When said signal 
level falls from said threshold The signal-transmission circuit for probes characterized by said predetermined 
threshold declining with a small time constant compared with fluctuation of the overall amplitude of said pulse 
although it is large compared with the pitch of said pulse. 

2. Including Circuit Which Detects Amplitude of Said Received Pulse in Circuit According to Claim 1, 
Threshold of Said Threshold Detector is Output Signal from Said Amplitude Detector. 

The signal-transmission circuit for probes characterized by being alike, and following and changing. 

3. It is Signal for Probes Which is Amplifier for Said Pulses with which Said Amplitude Detector was Received 
in Circuit According to Claim 2, and is Characterized by Including Automatic Gain Control Circuit. 
Propagation circuit. 

4. It is the signal-transmission circuit for probes characterized by being the peak detector which detects the peak 
value of the pulse by which said amplitude detector was received in the circuit according to claim 2. 

5. It is the signal-transmission circuit for probes characterized by said amplitude detector resetting said 
threshold to the minimum set point when a signal pulse is not received within a predetermined period in claim 2, 
claim 3, or a circuit according to claim 4. 

6. Signal-transmission circuit for probes characterized by including circuit which forbids setup of threshold 
when interference pulse is detected including circuit which detects interference pulse longer than signal pulse in 
claim 2, claim 3, claim 4, or circuit according to claim 5. 

7. This Amplifier is Signal for Probes Characterized by Including Automatic Gain Control Circuit Including 
Amplifier for Pulses Received in Circuit According to Claim 1 or 2. 

Propagation circuit. 

8. This amplifier is a signal-transmission circuit for probes characterized by negating a low frequency signal 
including the amplifier for pulses received in the circuit according to claim 1 to 7. 

9. Signal-transmission circuit for probes characterized by including circuit which presets minimum level of said 
threshold in circuit according to claim 1 to 8. 

10. Transmitter relevant to a probe Two or more receivers which receive the signal transmitted from said 
transmitter It has the circuit connected so that the output signal of said receiver might be received. Said circuit 
is a signal-transmission system for probes characterized by measuring the signal strength of the signal from 
each receiver, and choosing the output from one or more receivers based on relative signal strength. 



11. It is the signal-transmission system for probes characterized by including the circuit which chooses the 
output signal when the circuit which carries out a reception comparison averages said receiver output signal in a 
system according to claim 10 combining said receiver output signal and an output signal exceeds an average 
value. 

12. The average used by said circuit in a system according to claim 11 is a signal-transmission system for 
probes characterized by choosing two or more signals when each signal is almost equal lower than the true 
arithmetic mean of a receiver output signal therefore. 

13. The signal-transmission system for probes characterized by including a circuit according to claim 1 to 9 in 
order to process the signal received by said receiver in claim 10, claim 1 1, or a system according to claim 12. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

Signal-transmission circuit for probes This invention relates to a signal-transmission circuit (signal transmission 
circuit). This invention is applicable to the signal generated by the probe of the type used for measurement with 
a location measurement / decision machine (position determining machine) like a machine tool. 
A measurement probe (measuring probe) is inserted in the movable spindle of a machine tool, and contacting a 
probe on various front faces of the work piece which should be measured with the movable spindle is known. 
Since a probe is exchangeable for a cutting tool, it is difficult to connect a probe to the interface circuitry of the 
consecutiveness which processes a signal and carries out the interface of the signal to machine control 
equipment, and it is impossible depending on the case. Various radio-signal transmission systems are known 
from such a thing. 

These systems are signals to the receiver mounted on the fixed structure of a machine. 
It transmits optically or is transmitting on radio. 

The signal strength received by the receiver is changed as the probe (spindle-mounted probe) attached in the 
spindle moves the surroundings of a machine. Also when the signal received by a certain receiver is weak or 
does not exist especially in the case of an optical transmission system, forming two or more receivers in various 
locations on a machine is known so that a good signal may be received by other receivers. With such a known 
configuration, the circuit within an interface combines the output from two receivers with juxtaposition. 
It is desirable to produce the signal-transmission system which can be used also by the large-sized machine or 
the machine by which a line of aim (line of sight) does not always exist between a probe and one receiver. This 
can realize the output of the transmitter of a probe to some extent by increasing. The signal-transmission system 
use range spreads by this. In the case of an optical system, even when there is no line of aim, light reflected 
from various front faces of a machine can be made usable. However, since a probe is a cell drive, there is a 



limitation in increase of such an output in fact. A battery life becomes very short when emitting a very high 
output. Therefore, an approach to be able to take others is raising the sensibility of a receiver. 
However, also in the case of a single receiver, also in the case of two or more receivers, if it is going to raise the 
sensibility of a receiver more in order to extend the range of a signal transmission, a problem will arise. 
Possibility that a receiver will receive interference becomes high as sensibility becomes high. In the case of an 
optical system, such interference may be produced by other signal-transmission systems of the probe on a strobe 
beacon (strobe becon), a fluorescent lamp, or a near machine. 

A probe signal is transmitted by the pulse form and one mode of this invention is equipped with the circuit 
which receives the above-mentioned pulse. This pulse receiving circuit The threshold detector which generates 
an output when the above-mentioned pulse exceeds a predetermined threshold is included. The threshold It 
changes according to the amplitude of the received pulse. When it falls to a value with the signal level lower 
than the above-mentioned threshold, here Although it is large compared with the pitch of the above-mentioned 
pulse, the signal-transmission circuit for probes which the value of the above-mentioned predetermined 
threshold decreases with a small time constant compared with fluctuation of the overall amplitude of the 
above-mentioned pulse is offered. 

The 2nd mode of this invention Transmitter relevant to a probe Two or more receivers which receive the signal 
transmitted from the above-mentioned transmitter It has the circuit connected so that the output signal of the 
above-mentioned receiver might be received. The above-mentioned circuit measures the signal strength of the 
signal from each receiver, and is those relative signals. 

The signal for probes which chooses the output from one or more receivers based on reinforcement 
A transmission system is offered. 

Next, with reference to an attached drawing, the desirable operation gestalt of this invention is explained as an 
example. 

Drawing 1 is a machine tool probe and the whole signal-transmission system block diagram. 
Drawing 2 is the circuitry Fig. of the receiver shown in drawing 1 . 

Drawing 3 A and drawing 3 B are the diagrams showing the signal for explaining actuation of the receiver 
circuit shown in drawing 2 . 

Drawing 4 is drawing showing the circuit which forms some interfaces shown in drawing 1 . 

Drawing 5 is the block diagram of the alternative receiver which has a configuration different from the receiver 

shown in drawing 2 . 

Drawing 1 shows the probe 10 which can be attached in the spindle of a machine tool so that it can move to the 
direction of X (an arrow head 12 shows like), the direction of Y, and a Z direction (it mounts). This probe is a 
touch trigger probe which has the stylus (deflectable stylus) 14 in which a deflection is possible appropriately, 
and a stylus 14 emits a trigger signal, when a work piece is contacted. However, this invention is useful also to 
the probe which outputs the signal corresponding to the amount of deflections of a stylus 14. A signal is 
optically transmitted to machine control equipment from a probe, and a probe 10 has two or more light emitting 
diodes 16 (for example, red light emitting diode and an infrared-emitting diode) for this purpose. This probe is a 
cell drive, if switched to ON, a continuous light pulse stream will be emitted and a required signal will be coded 
on this light pulse stream. 

A light pulse is received by the photodetector 28 in one or more receiving units (two receiving units 18 and 18' 
are shown by this example), and 28'. Each receiver changes a light pulse into two complementary electric pulse 
signals, and these pulse signals are sent to an interface circuitry 22 through a line 20 and 20'. each receiver 18 



and 18' - moreover, DC level which shows the received amplitude or signal strength of a light pulse - Rhine 
24 and 24' -- it is made to be generated upwards A voltage level or current level is sufficient as this DC level. 
This DC signal is also given to an interface 22. 

An interface 22 generates an output signal on Rhine 26, after processing a signal. This output signal is sent to 
machine control equipment. The trigger signal which shows that the stylus 14 contacted the work piece in the 
case of the touch trigger probe is conveyed, and as for Rhine 26, machine control equipment starts the decision 
(therefore, decision of the location on the front face of a work piece) of the location of the probe in space while 
stopping migration of a probe using this signal. As other gestalten, an interface 22 can output the signal 
corresponding to the amount of deflections of a stylus 14. 

One predetermined receiver 18 and the signal level received by 18' change according to the relative position of 
a probe and a receiver as a probe 10 moves the surroundings of a machine. However, it is that at least one 
receiver 18 receives an usable signal by any times in this invention as known. 

Partially, although the scope of a signal-transmission system improves by increasing the output of diode 16 
(comparing with a known configuration), it improves by mainly raising the sensibility of a receiver 18 and 18'. 
However, sensibility [ as opposed to the unnecessary interference from a xenon strobe beacon, a fluorescent 
lamp, the signal-transmission system of the probe on a nearby machine etc. with a natural thing ] also becomes 
high in this case. Next, the configuration which enables it to mitigate or cancel one or more of these problems is 
explained. 

Drawing 2 shows the circuitry of one receiver 18. The same is said of receiver 18' of another side. It is received 
by the photodiode 28 and an infrared pulse is processed by amplifier 30. This amplifier has a highpass (high 
pass) property including an automatic-gain-control (AGC) circuit. Therefore, this amplifier removes the effect 
of the lighting of daylight and low frequency, and other background light by negating a low frequency signal. 
Amplifier 30 also outputs the automatic-gain-control signal which shows the amplitude of inward pulsing on 
Rhine 48. This output supplies DC level to an interface 22 through Rhine 24 again. 
Next, the adjustable amplitude pulse signal outputted from amplifier 30 is given to the threshold detector 32. 
Drawing 3 A and drawing 3 B explain this effectiveness. 

In drawing 3 A, a curve 34 shows the output of amplifier 30 and a curve 38 expresses the output of the 
threshold detector 32. A curve 34 includes a pulse 36, i.e., the required signal transmitted from the probe 10. As 
it turns out that drawing is seen, these pulses 36 are forming the pulse which carried out squaring of the edge 
after this, as it has the trailing-edge section (trailing tail) and the effectiveness of the threshold detector 32 is 
known by 40 of a curve 38, respectively. The broken line 42 of drawing 3 A shows the variable characteristics 
of the threshold of the equipment of known marketing. In this known equipment, a threshold rises gradually in 
the first transition section of each pulse 36 (since a pulse is negative sense, this rise is a negative direction). It is 
prevented that the width of face of an output pulse 40 becomes large too much as a result with the tail of a pulse 
36 by this. However, the threshold of this known equipment falls with a comparatively small time constant in 
preparation for the following pulse 36 immediately after each pulse 36 (the fall of a threshold is the forward 
direction of drawing 3 A). The threshold 42 of the known equipment shown in drawing 3 A has a certain 
minimum level, i.e., the minimum distance which has the negative direction from the base line of a curve 34. 
As mentioned above, the sensibility of a receiver 18 is raised compared with the equipment of known marketing. 
Of course, possibility that this receiver will receive interference is high as this one result. This turns out to see 
drawing 3 A. The interference pulse (interference pulse) is shown to drawing 3 A by 44. For known equipment, 
although such an interference pulse is quite small, since sensibility is raised, in drawing 3 A, it is remarkable 



magnitude. Consequently, the interference pulse 44 may exceed a threshold level 42 (in negative direction). For 
this reason, the fake error pulse (spurious error pulse) 46 exists in an output performance diagram 38. 
In order to solve this problem, known equipment is corrected as shown in drawing 3 B. In this case, the 
threshold is shown by broken-line 42A. Reception of the first pulse 36 raises a threshold gradually like drawing 
3 A (in the negative direction). However, this threshold is decreased with a big time constant more remarkable 
than the threshold 42 of drawing 3 A. Therefore, as long as other pulses 36 continue being succeedingly 
received from a probe 10, threshold 42A exceeds the interference pulse 44 (in the negative direction), and the 
error pulse 46 does not appear in an output 38. 

In drawing 3 B, threshold 42A seems to have fixed level after the first pulse 36. However, threshold 42A is 
gradually decreased with a comparatively big time constant compared with the time amount between pulse 36 
comrades. As this time constant, a small value is chosen also in this case compared with the time amount which 
a probe 10 needs for moving to an another side side from one machine side (side [ it is more far from the 
receiver of near and another side by one receiver 18 ]). Therefore, threshold 42A falls as a probe moves in the 
direction which separates from the corresponding receiver 18 (that is, it more nearly just becomes). The signal 
pulse 36 (of course, the amplitude is already reduced) exceeds a threshold succeedingly certainly, and an output 
pulse 40 is generated by this. 

Drawing 2 shows the remaining part of the circuit which gives this effectiveness. Threshold 42A is set as the 
threshold setting circuit 50 based on the automatic-gain-control output 48 received from amplifier 30. A circuit 
50 also receives the input from the presetting switch 52. These switches 52 of 36 input pulse make it possible to 
set up the minimum level (namely, level shown in drawing 3 B by 42B) of threshold 42A, when there is nothing. 
Although the threshold detector 32 has the maximum sensibility to a required signal pulse, a setup of such 
presetting is performed for every machine tool equipment according to the level of interference experienced so 
that interference may not be detected too much. 

The pulse 40 outputted from the threshold detector 32 is supplied to a line driver 54. Thereby, a complementary 
pulse signal is supplied to an interface 22 through Rhine 20. 

The circuit of an interface 22 includes the circuit which decodes a pulse signal; in order to generate the output 
26 showing a probe signal (for example, touch trigger signal when a stylus 14 contacts a work piece). 
Furthermore, the circuit of an interface 22 also includes the circuit shown in drawing 4 . 
Drawing 4 shows each receiver 18 and 18' to Rhine 20 and 20' which convey a complementary pulse input. It is 
together put by the differential amplifier 25 and 25', and the buffer of the complementary signal from each 
receiver is carried out by a corresponding field-effect transistor Tl and corresponding Tl*. Subsequently, a 
complementary signal appears on each Rhine 56 and 56' for consecutive processing, and as a combiner circuit 
58 shows to drawing, it is put together. 

Two receivers 18, the DC signal 24 from 18', and 24' are given to each comparator 60 and the noninverting 
input edge of 60' through a resistor Rl and Rl\ respectively. Moreover, two DC level 24 and 24' are put 
together and averaged by each resistance R2, R2\ and resistance R3. This average is given to each comparator 
60 and the reversal input edge of 60'. Therefore, if one of the DC signals 24 and 24* exceed the 
above-mentioned average value, the comparator 60 corresponding to it and 60' will turn ON each field-effect 
transistor T2 and T2\ The pulse signal which this enables a corresponding transistor Tl and corresponding Tl', 
therefore corresponds from Rhine 20 or 20' is supplied to a combiner 58 and a consecutive processing circuit, 
on the contrary, the given signal 24, the transistor T2 to which 24' corresponds when lower than the 
above-mentioned average value, and T2' are turned OFF, and each transistor Tl and Tl" inhibit (inhibit) - 



having therefore, the pulse on Rhine 20 or Rhine 20* - the upper pulse is not supplied to a combiner 58, 
either. 

the average supplied to a comparator 60 and the reversal input edge of 60' as a resistor R2, R2\ and a value of 
R3 actual - Rhine 24 and 24' - a value which becomes small slightly rather than the true arithmetic mean of 
the upper signal is chosen, therefore, Rhine 24 and 24' - when the upper signal is almost equal, both transistors 
T2 and T2' are switched to ON, and the signal of both Rhine 20 and Rhine 20' is together put by the combiner 
58. signal level -- 24 -- 24 -- ' -- inside -- one side - another side - remarkable -- being large -- a case -- 
corresponding - a pair -- an input -- 20 - 20 -- ' - enabling -- having - another side -- a disable -- carrying out 
- having . Consequently, the disable of the weaker signal (possibility of receiving interference is more high) is 
carried out, and it is not used in a consecutive processing circuit, furthermore, the thing for which an average 
slightly smaller than the strict arithmetic mean is set up - both signal pairs it will be understood that it is lost 
that the disable of 20 and 20' is carried out to coincidence. 

This circuit is easily widened to the equipment with which three or more receivers 18 were formed. There are a 
corresponding comparator 60 and corresponding transistors Tl and T2 every receiver 18. 
The reversal input edge of each comparator 60 receives the result of having averaged DC level, i.e., DC level on 
Rhine 24 from all the receivers 18. 

Drawing 5 shows another gestalt of the circuit shown in drawing 2 . This circuit has some same elements 
containing the AGC amplifier 30, the threshold detector 32, and a line driver 54, and these elements process an 
arrival-of-the-mail light pulse like the element with which drawing 2 corresponds. 
This circuit is not from the AGC amplifier 30, and it is shown that DC level on Rhine 24 is generable from a 
peak detector 70 (the output of this peak detector is held and is decreased with a suitable time constant bigger 
subsequently than pulse separation). 

The threshold setting circuit 50 is equipped with other two peak detectors 72 and 74 by which series connection 
was carried out. The output of a peak detector 72 is decreased with a comparatively small time constant (for 
example, about 3.3ms). The output of a peak detector 72 supplies the output pulse of sufficient die length to 
charge the following peak detector 74. The output of a peak detector 74 raises the threshold of the threshold 
detector 32, and is decreased with a comparatively big time constant (for example, 103ms). This effectiveness is 
similar to the effectiveness previously explained with reference to drawing 3 B except for peak value being 
acquired from the 2nd pulse like the after-mentioned. 

The sensibility setting circuit 76 can contain the programmable electrical-potential-difference divider which has 
the switch 52 shown in drawing 2 , and the same switch. This circuit 76 fluctuates the minimum level on which 
peak detectors 72 and 74 can discharge, therefore changes minimum threshold 42B of the threshold detector 32 
as mentioned above. 

The threshold setting circuit 50 shown in drawing 5 differs from drawing 2 at two remarkable points. The 
time-out circuit 78 is reset by each output pulse from the threshold detector 32 by the 1st. When there is such no 
output pulse over a predetermined period (a period quite longer than the pitch of an arrival-of-the-mail 
lightwave signal pulse, for example, 18ms), the time-out circuit 78 discharges a peak detector 74 at a high speed 
through FET79. A threshold falls to the minimum set point by this, and the optimum sensitivity of the threshold 
detector 32 is obtained by it. Even when a probe 10 is moved in this way so that the direct line of aim to a 
photodiode 28 may already be lost, optimum sensitivity is recovered by the high speed so that a circuit can 
answer a reflected light pulse. 

Other remarkable differences are the time window generators 80 similarly connected to the output side of the 



threshold detector 32. a time window (time window) with this time window generator 80 slightly longer than 
spacing between two adjoining signal pulses - 22 microseconds is generated appropriately. The time window 
generator 80 controls an electronic switch like a field-effect transistor 82. When there is no signal pulse, this 
switch is usually ON and prevents the input to a peak detector 72. 

The purpose of the time window generator 80 is it being longer than the selected time window, for example, 
distinguishing the interference pulse from a xenon beacon or a fluorescent lamp from a true signal pulse. If the 
2nd true pulse is acquired in a time window following a true pulse, a transistor 82 will be made OFF between 
short time, and it will enable peak detectors 72 and 74, therefore the 2nd true pulse will be answered, and a 
threshold will be set up according to the amplitude. Continuation of a true signal pulse carries out between 
(briefly) enabling of the short time about each pulse which peak detectors 72 and 74 follow succeedingly. When 
an interference pulse longer than a time window arises, a transistor 82 becomes with ON, therefore the disable 
of the peak detector is carried out. Thus, the signal pulse which increases [ an interference pulse ] the threshold 
set point and continues is correctly detected by the threshold detector 32. Of course, although an interference 
pulse passes a line driver 54 and an interface 22 is reached, the pulse decoder circuit within an interface 22 can 
recover the error which obtains the assistance of the signal pulse of the consecutiveness which has not been 
influenced and is acquired as a result (recover). 

An above-mentioned configuration is correctable so that it can be used, other wireless signal-transmission 
systems, for example, wireless system. 
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[Drawing 5] 
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